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1
VACUUM PROCESSING APPARATLUS

This 15 a division of apphlication Ser. No. 07/113.117.
filed Oct. 27, 1987, now U.S. Pat. No. 4.902.531. 1ssued
Feb. 20, 1990.

FIELD OF THE INVENTION

The present invention relates to a vacuum processing
method and apparatus and. more specifically, to a
method of and an apparatus for processing substrates in
vacuum chamber, such as a chemical vapour deposition

(CVD).
BACKGROUND OF THE INVENTION

In a conventional vacuum processing apparatus such
as a CVD illustrated 1in FIG. 1 of the accompanying
drawings. one or more substrates A are mounted on the
surface of a substrate holder B which 1s disposed in a
vacuum chamber C, and is intended to be rotated by a
motor D wvia a rotation transmitting mechanism E.
Around the substrate holder B there 1s provided an
earth shield F which 1s electrically isolated from the
substrate holder B by an insulator member G. The sub-
strate holder B 1s supphied with DC or RF power from
a DC or RF power feeder H which may be or a rotating
contact type. a capacitor coupling tyvpe or the like.
Vacuum seal assembly 1 1s provided on the opening of
the chamber wall for preventing a rotating shaft and
vacuum seal from vibrating during operation of the

substrate holder B. The vacuum rotation seal assemblyv

I mayv comprise O ring seal. Wilson's seal or magnetic
fluid seal. The substrate holder B is provided with either
or both of a heater or cooling channel into which a
power or cooling water s fed by feeding means J such
as a rotary joint.

F1G. 2 illustrates an other conventional CV D appara-
tus 1n which the same reference characters are used to
designate the components corresponding to those in
F1G. 1. and a heating mechanism K 1s separated from
the substrate holder B and i1s secured to the vacuum
chamber C.

In the conventional CV D apparatus as shown in F1G.
1 or 2. a plasma 1s produced n the vacuum chamber by
applyving suitable RF power to the substrate holder to
generate a glow discharge m the vacuum chamber. In
order to vary DC bias to be eftectively generated at the
surface of the substrate (this DC bias to be generated at
the surface of the substrate 1s strictly more or less differ-
ent from that to be generated at the surface of the sub-
strate holder, but it 1s assumed herein that the former 1s
the same as the latter), the RF power itself should be
controlled. for example, by providing a mechanism (for
example, a capacitor, a coil, a resistor or the like) for
varymng an impedance in the whole substrate holder
mechanism 1in the RF power transmitting circuit. For
the DC or RF power feeding mechanism, there should
be used means for introducing the power into the rotat-
g mechanism, and thus this leads to difficulty in main-
tenance or checking. Further, since the capacitor, coil
or resistor to be used for varying the impedance have
variable characteristics, it 1s difficult to make a fine
adjustment of the DC bias.

Where the conventional apparatus shown in FIG. 1
or 21s employed for forming a thin film on the substrate
or etching the substrate, in the apparatus illustrated in
FIG. 1, a film forming material, a reactive gas or the
like may be adhered and deposited not only on the
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surface of the substrate holder. but also on the whole
surface of the earth shield and the chamber wall, and 1n
the case of the apparatus illustrated in FIG. 2 such film
forming material or reactive gas may be adhered and
deposited on the back side of the substrate holder and
the surface of the heater assembly. Cleaning of the por-
tions contaminated by such film forming matenal or
reactive gas becomes troublesome.

In the case of the apparatus shown in FIG. 1, even if
the cleaning of the contaminated portions 1s carried out
by a plasma which is generated by introducing a suit-
able reactive gas or inert gas into the vacuum chamber
and appiving RF or DC power to the substrate holder.
the surface of the substrate holder and the portions fully
exposed to the plasma may be cleaned, but 1t 1s difficult
to clean down the portions which are not exposed and
not fully exposed to the plasma.

Furthermore. in the apparatus illustrated in FIG. 1,
since the substrate holder :s rotated together with the
earth shield. the weight of the components to be rotated
becomes heavy and then 1t is necessary to use a motor
having a larger rotating torque. Complication of the
substrate holder and the feeding means for the heater
power and the cooling water can not be avoided, and
the removal or maintenance of these components be-
come {roublesome. ‘

It 15, therefore. an object of the present invention to
provide a vacuum processing method in which the
drawbacks of the above-mentioned conventional sys-
tem can be overcome and a DC bias to be applied to-
substrates can be mechanically and easily controlled
with excellent reproducibility.

Another object of the present invention is to provide
a vacuum processing apparatus in which the drawbacks
of the above-mentioned conventional system can be
overcome and a DC bias to be apphed to substrates can
be mechanically and easily controlled with excellent
reproducibility.

Still another object of the present invention is to
provide a method of cleaning substrate holder or sus-
ceptor and other components in a vacuum chamber, in
which the susceptor and other components can be easily
cleaned with maintaining a required evacuated condi-
tion 1n the vacuum chamber.

Still another object of the present invention 1s to
provide a vacuum processing apparatus in which the
susceptor and other components 1n the vacuum cham-
ber can be easily cleaned with maintatning required
evacuated condition and a desired processing perfor-
mance 1n the vacuum chamber.

A further object of the present invention is to provide
a vacuum processing apparatus which comprises a sub-
strate-electrode mechanism which is functionally excel-
lent and has no above-mentioned drawbacks of the
conventional system.

A still further object of the present invention is to
provide a CVD apparatus in which the construction can
be stmplified and an excellent function can be obtained.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention,
there 1s provided a vacuum processing method compris-
ing changing the distance between an electrode member
which is electrically insulated from a wall of a vacuum
chamber and supphied with an AC voltage for generat-

ing a plasma by a glow discharge in said vacuum cham-

ber and a member for supporting at least one substrate
to be processed by said plasma, thereby controlling a
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DC bias 1o be generated on the surface of said support-
ing member or the surface of the substrate in respect to
said AC voltage.

According to a second aspect of the present inven-
tion. there s provided a vacuum processing apparatus
comprising an electrode member which is electrically
insulated from a wal] of a vacuum chamber and is sup-
plied with an AC voltage for generating a plasma by a
glow discharge in said vacuum chamber, a drive shaft
which 1s arranged to slidably pass through said chamber
wall or said electrode member. a supporting member
fixed to the end portion of said driving shaft positioned
in saxd vacuum chamber and intended to support at least
one substrate to be processed by said plasma, and a
mechamsm for driving said drive shaft along the axis
thereof, the distance between said electrode member
and said supporting member being adjusted so that a
DC bias generated on the surface of said supporting
member or said substrate is varied in respect to said AC
voliage.

'The distance between the electrode member and the
supporting member may be adjusted by displacing the
supporting member in respect to the electrode member.

The AC voltage may be applied onlyv to the electrode
member or may be applied to both of the electrode
member and supporting member.

When the distance between the electrode member
and the supporting member 18 smaller than a predeter-
mined value. the plasma may be produced in the space
on the opposite side of the supporting member to the
electrode member or above the supporting member,
thereby cleaning the supporting member and the por-
tions positioned in the vicinity thereof. When the dis-
tance between the electrode member and the supporting
member 1s larger than said predetermined value, the
plasma may be transferred therebetween. thereby clean-
img the back side of the supporting member. the elec-
trode member and the portions positioned in.the vicin-
ity thereof.

The drive mechanism may comprise means for lin-
early drniving the drive shaft along the axis thereof and
means for rotating the driving shaft around the axis
thereof.

According to a third aspect of the present invention.
there 1s provided a CVD apparatus comprising an elec-
trode member fixed to a wall of a pressure reduced
chamber. a drive shaft adapted to slidably and rotatably
pass through the electrode member, a substrate holder
mounted on the end portion of the drive shaft posi-
tioned in the pressure reduced chamber, a first linear
drive means for moving the drive shaft along the axis
thereof, a rotary drive means for rotating the drive
shaft, a plurality of pins being arranged to be slidably
inserted into a plurality of holes provided on the elec-
trode member for lifting each substrate, a second linear
drive means for driving the substrate lifting pins along
the axes thereof, and a plurality of openings provided
on the substrate holder to align with said holes and into
which said substrate lifting pins can be inserted.

The rotary drive means may be fixed on a vacuum
seal member for sealing in vacuum tight and rotatably
supporting the drive shaft, and the first and second
linear drive means may be provided on a common base
plate which i1s coupled with the electrode member or
the wall of the pressure reduced chamber by guide
members. Each of the guide members may be slidably
supported on linear bearings.
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The drive shaft may be hollow. through which a
cooling or heating medium mayv be circulated via a
rotary joint mechanism.

In the CVD apparatus according to the present in-
vention. there may be provided supporting arms each of
which has one end mounted perpendicularly on the one
end of the associated lifting pin. and the other end of the
each supporting arm is extended into a slot formed on
the outer peripheral portion of the electrode member
and 1s moved through a siot formed on the outer periph-
eral portion of the substrate holder and positioned in
alignment with the other end of the arm.

The above and other objects and advantages of the
invention will become more apparent from the follow-
ing description and accompany drawings forming part
of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. T and 2 are respectively sectional views show-
ing conventional CVD apparatuses;

FI1G. 3 1s an elevation view of the apparatus embod-
ing the present invention with portions thereof broken
away to illustrate the internal structure thereof:

FI1G. 415 a cross-sectional view of FIG. 3 taken along
the line IV—1V thereof:;

FI1G. 5 a longitudinal sectional view of FIG. 4 taken
along the line V—V thereof;

FI1G. 615 a cross-sectional view of FIG. 5 taken along
the line VI—VI thereof:

F1G. 7 1s a cross-sectional view of FIG. 5 taken along
the line VII—VII thereof: |

F1G. 8 1s a longitudinal sectional view of FIG. 7
taken along the hine VIII—VIII thereof:

F1G. 915 a perspective view of the essential portions
of the CVD apparatus according to the present inven-
tion;

FIG. 10 1s a schematic view to explain the operation
of the 1llustrated embodiment;

F1G. 11 1s a longitudinal sectional view of showing a
modified embodiment of the present invention:

FIG. 12 is a plane view of the apparatus of FIG. 11.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings and more specifically
FIGS. 3t0 9, there is shown a CVD apparatus accord-
ing to the first embodiment of the present invention.
The apparatus comprises a vacuum chamber 1 which
has one side wall provided with a reactive gas feeding
nozzle 2 and a bottom wall provided with an evacuating
port 3. This evacuating port 3 is connected to an evacu-
ating device not shown such as a vaccum pump through
an evacuating pipe 4 and a duct 5. The vacuum chamber
has also a front wall provided with an opening 6 for
loading the substrate to be processed into the vacuum
chamber 1 and unloading the processed substrate from
the vacuum chamber 1. This opening 6 should be pro-
vided with a suitable gate valve which is not shown.

Under the vacuum chamber 1 there is disposed a
ifting and rotating mechanism 7 which is enclosed with
a casing 8. The lifting and rotating mechanism 7 and the
casing 8 are secured to the vacuum chamber 1. The
vacuum chamber 1 is fixed on a framework 9 by clamp
members only one of which is shown at 10 in FIG. 3.

In the vacuum chamber 1 there is provided a circular
susceptor or substrate holder 11 for supporting a sub-
strate to be processed, under which an electrode body
12 1s disposed. As used hereinafter regarding the sus-
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ceptor 11 (substrate holder). the term “rear surface™
refers 1o the surface opposite the substrate supporting
surface. The susceptor 11 and the electrode body 12 are
surrounded with an annular earth shield 13 which has
an inner periphery vacuum ughtly secured to the outer
flange of the electrode body 12 via an insulating mem-
ber 14 and seal rings 15 by clamp screws only one of
which 1s shown at 16 in FIG. §. The outer periphery or
flange of the earth shield 13 1s vacuum tightly secured
to the bottom wall Ia of the vacuum chamber 1 by
clamp screws only one of which 1s shown at 17 in FIG.
5. To the top surface of the earth shield 13 there 1s
attached an annular member 18 which mayv be made of
a guartz.

The susceptor 11 has a central portion intergratedly
fixed to a rotating shaft 9 which extends through the
central bore 12g of the electrode body 12 and is tightly
and rotatably supported by a vacuum rotating seal as-
sembly 20 having bellows 21 and a pair of bearings 22
and 23. The bearings 22 and 23 are mounted on a casing
24 which has a lower end secured to an intermediate
mounting plate 23.

The rotating shaft 19 15 provided with a pullev 26
near the lower end portion thereof. Under the interme-
diate mounting plate 25 there 18 disposed a lower
mountng plate 27 to which a motor 28 is secured by a
retainer member 29. As shown in FIGS. § and 7. the
retainer member 29 has an upstanding portion 29z 1o
which L-shaped member 30 1s secured by screws 31.
The L-shaped member 30 15 also secured to the lower
mountung plate 27. The motor 28 1s provided with a
output rotating shaft 28« on which a pulley 32 is fixed
by a key 33 and a clamp screw 34. A timing belt 35 1s
engaged with both of the pullev 32 and the pulleyv 26.

Under the lower mounting plate 27 there 1s disposed
a base plate 36 which as shown in FIGS. 5, 6 and 7 1s
secured to the electrode body 12 by three guide rods 37
being positioned at an equal angular position. Each of
the guide rods 37 has an upper end 37a screwed on the
electrode bodv 12 and a lower screwed end 375 fixed to
the base plate 36 by a nut 38. Each of the guide rods 37
ts shdably supported by a lower linear ball bearing 39
mounted between the intermediate mounting plate 258
and the lower mounting plate 27, and an upper linear
ball bearing 40 mounted on an upper mounting plate 41.
Therefore. the upper, intermediate and lower mounting
plates 41. 25 and 27 can be exactly moved upwards and
downwards by the guide rods 37.

An air cylinder device 42 1s provided on the base
plate 36. This air cylinder device 42 comprises a drive
rod 43 which 1s secured to the lower mounting plate 27
by a nut 44.

The lower end portion of the rotating shaft 19 is
passed through the opening 272 of the lower mounting
plate 27 and 1s connected to a cooling water feeding
device 45 which 1s a rotary joint or union and from
which cooling water i1s fed through a feed channel of
the rotating shaft 19 and flows out of the rotating shaft
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19 through a return channel thereof. The electrode 60

body 12 1s provided with a separated cooling water
supply which is not shown.

On the upper mounting plate 41 there are provided
three substrate hifting pins 46. Each pin 46 has a lower
end portion secured to the upper mounting plate 41 and
an upper end portion extended through the associated
one of bores 126 which are formed on the periphery of
the electrode body 12. Between the electrode body 12

65
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and the upper mounting plate 41 bellows 47 surround
the pins 46 to shut off these pins from the atmosphere.

As shown in FIGS. 8 and 9. a substrate hifting pin
driving device 48 is provided on the base plate 36. This
substrate hifter driving device 48 includes a driving rod
49 the upper end of which i1s coupled with the upper
mounting plate 41 via a link member 50.

The susceptor 11 1s provided with three slots 1la
which are positioned at 120° iniervals about the center
thereof to receive the substrate hfting pins 46. The sus-
ceptor 11 mayv be rotated by means of the motor 28 so
that the slots 11a¢ are aligned with the respective sub-
strate lifting pins 46 as shown in FIG. 4. The angular
positioning of the susceptor 11 against the respective
lifting pins 46 may be controlled by a position sensor 31
which 1s attached to the pulley 26. |

The substrate, not shown, placed on the susceptor 11
mayv be lifted by moving the respective lifting pins 46
upwards through the slots 11a of the susceptor 11 by
means of the upper mounting plate 41 which 1s driven
by the driving device 48.

As shown in FIG. 8, from the electrode bodyv 12 1s
suspended a sensor supporting rod 32 which supports a
sensor 33 for detecting the lifted position of the lower

5 mounting plate 27 and therefore the susceptor 11, and a

sensor 54 for detecting the lifted position of the upper
mounting plate 41 and therefore the lifting pins 46.

The electrode body 12 1s supplied with RF power
from RF power supply 85 through a circuit 56 as shown
in FI1G. §.

The operation of the illustrated apparatus will now be
described.

The substrate to be processed 1s positioned on the
susceptor 11 i the vacuum chamber 1. the vacuum
chamber 1 1s evacuated so that 1t has a predetermined
pressure, and a suitable gas 1s mtroduced into the vac-
uum chamber 1 for generating the plasma by a glow
discharge.

When the cylinder device 42 1s operated, the drive
rod 43 is moved upwards, and then the lower mounting
plate 27. the intermediate mounting plate 25 and the
rotating shaft 19 are lifted. Therefore, the susceptor 11
1s raised so that the distance d between the susceptor 11
and the elecirode body 12 15 increased.

F1G. 10 shows the relation of the distance d to the
potential V which 1s generated on the surface of the
susceptor 11 or substrate S.

As shown in FIG. 10-A, when the distance d 1s a
small, that 1s d1, DC bias volitage becomes large value
V1, and the plasma P i1s generated on the substrate S.

When the distance d 1s increased as shown at d2 in
FI1G. 10-B, DC bias voltage 1s decreased to the value
V2. In this case, the plasma to be generated i1s main-
tained above the substrate S. When the distance d is
more increased as shown at d3 in FIG. 10-C, DC bias
voltage i1s decreased to the value V3 which 1s lower
than V2, and the plasma i1s transferred into the space
defined between the susceptor 11 and the electrode
body 12. It 1s, therefore, appreciated that the potential
on the susceptor 11 and DC bias voltage can be varied
and the area where the plasma 1s to be produced can be
changed 1n response to the position of the susceptor 11.

In sputtering. etching, Plasma CVD or the like, gen-
erally, RF bias 1s applied to the substrates to be pro-
cessed and a suitable DC bias voltage 1s applied to the
substrates in order to improve the property of a thin
film to be formed on the substrate, step coverage, an-
1sotropy of an etching or the like. For this end, in the
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coventional system. an electrical control ,has been uti-
lized.

In accordance with the illustrated embodiment of the
present invention, however, DC bias voltage can be
easily changed by adjusting the position of the sus-
ceptor 11 1n respect to the electrode bodyv 12.

In the illustrated embodiment. therefore. the position
of the susceptor 11 can be adjusted in view of the prop-
erty of the thin film to be formed on the surface of the
substrate on the susceptor 11 and the other characteris-
tics. The intermediate mounting plate 25 and the lower
mounting plate 27 are guided and lifted along the guide
rod 37. Thus, the rotating shaft 19 may be exactly raised
without shakying. When the rotating shaft 19 i1s moved
to a predetermined raised position. the sensor 53 at-
tached to the supporting rod 52 feeds the output signal
to the air cylinder device 42, and therefore the air cylin-
der device 42 1s deenergized, thereby stopping the sus-
ceptor 11 at the desired distance from the electrode
body 12.

Then, the motor 28 is energized so that the rotating
shaft 19 1s rotated through the timing belt 35 and the
pulley 26. and the susceptor 11 i1s rotated. From the
reactive gas feeding nozzle 2 a reactive gas is intro-
duced into the vacuum chamber 1. On the surface of the
substrate positioned on the susceptor 11 there can be
uniformly formed a thin film which includes, the com-
ponents of the reactive gas.

When the thin film having a predetermined thickness
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1s formed on the surface of the substrate. the feeding of 30

the reactive gas into the vacuum chamber 1 is stopped
and the motor 28 1s deenergized so that the susceptor 11
1 stopped. And then the air cyhinder device 42 is ener-
gized so that the drive rod 43 1s moved downwards to
down the susceptor 11 to the position as shown in FIG.
5. When the susceptor 11 reaches that position, the
sensor 33 applies the output signal to the air cylinder
device 42 to stop 1it. When the motor 28 1s deenergized,
the susceptor 11 is stopped so that the slots 11a are

35

aligned with the respective lifting pins 46 by means of 40

the position sensor S1.

With the energizing of the substrate lifter driving
device 48, the upper mounting plate 41 is moved up-
wards, and then the lifting pins 46 are passed through
the respective slots 11a in the susceptor 11 to push the
substrate upwards. A suitable carrier fork not shown is
inserted into the vacuum chamber 1 through the open-
Ing 6 so as to receive the substrate raised by the lifting
pins 46, and the substrate 1s carried out of the vacuum
chamber by this fork.

Next substrate to be processed is placed on the carrier
fork, 1s introduced into the vacuum chamber 1, through
the opening 6 and is positioned on the raised lifting pins
46.

Thereafter, with the energizing of the cylinder device
48, the lifting pins 46 is fallen to the position as shown in
F1G. 5 so that the substrate is mounted on the susceptor
11. In this case, the downward movement of the lifting
pins 46 can be detected by the sensor 54 which feeds a
control signal to the cylinder device 48 to stop the
operation thereof. In this way, the operation of the
system may be sequentially repeated for processing
successive substrates.

In the cleaning operation of the illustrated apparatus,
the susceptor 11 has no substrate mounted thereon. In
order to clean the surface of the susceptor 11 and the
portions 1n the vicinity thereof, for example, chamber
wall, the susceptor is set to the position as shown in
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FI1G. 10-A or 10-B. Therefore. these portions may be
cleaned by the bombardment of the plasma which is
produced 1n the space above the susceptor. In this case.
since the produced plasma penetrates little into the area
between the susceptor 11 and the electrode body 12. the
rear portion of the susceptor 11 and the surface of the
electrode 12 can not substantially be cleaned. The rear
surface of the susceptor 11 and the surface of the elec-
trode body 12 can be cleaned by raising. the susceptor
11 with the operation of the air cylinder device 42 and
forming the plasma between the susceptor 11 and the
electrode body 12 as shown in FIG. 106-C.

A modified embodiment of the invention is illustrated
in F1GS. 11 and 12 in which the same numerals are used
to denote the elements corresponding to those in FIGS.
3109

On the atmospheric side of an electrode body 57
heater assemblies §8 are attached by a mounting mem-
ber 39. The heater assemblies 58 are arranged at equal
angular intervals. Each of the heater assemblies 58 com-
prises an infrared lamp 60. The electrode body 57 is
provided with a plurality of openings 61 which are
opposite to the respective heater assemblies 58. In each
opening 61 of the electrode body 57 there is tightly
fitted a window member 62 which may be made of a
transparent material having a low infrared absorption,
for example quartz. A linear bearing 40 is secured to a
mounting plate 63 which 1s provided with equally
spaced three extensions, only one of the extensions
being shown at 63a in FIG. 11. On each extension 63a
there 1s provided a substrate lifting pin 64 which is
surrounded with bellows 65, and has a top end 64a
tightly and shidably passed through the bottom wall 1a
of a vacuum chamber and positioned in the vacuum
chamber. To the top end 64a of the pin 64 is attached
one end of a horizontal arm 66, the other end, 66a of the
horizontal arm 66 being extended into the associated
one of recesses 57a which are provided on the periph-
ery of the electrode body 57. Susceptor 67 fixed on the
driving shaft 19 is provided with recesses 67a at the

"periphery thereof. The recesses 67a of the susceptor 67

are positioned at the same angular intervals as that of
the recesses §7a of the electrode body 57 so that the
recesses 674 may be ahigned with the recesses 574 as
shown 1in FIG. 12. The susceptor 67 may be angularly
positioned in respect to the electrode body 57 by means
of a position sensor as in the first embodiment. It should
be understood that the substrate S has an outer periph-
ery posttioned over the ends 66a of the horizontal arms
66. It should be also understood that the other arrange-
ment 1s substantially similar to the first embodient.

In the operation of the apparatus illustrated in FIGS.
11 and 12, A thin film can be uniformly formed on the
surface of the substrate S while it is rotated. Upon the
forming of the thin film, the substrate S is heated by the
infrared ray from the heater assemblies 58. In this con-
nection, 1f the susceptor 67 is made of transparent mate-
rial, the substrate S may be directly heated by the infra-
red beam, but if does not so, the substrate S may be
heated with the heat transfer.

When the thin film having, a desired thickness is
formed on the surface of the substrate S, the rotation of
the susceptor 67 is stopped so that the recesses 67a
thereof may be aligned with the recesses 57a of the
electrode body 57 by the position sensor as in the first
embodiment, and then the susceptor 67 is moved to the
position shown in FIG. 11 by raising or lowering the
drive shaft 19.
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Thereafter. the mounting plate 63 1s lifted to move
the lifting pins 64 and therefore the horizontal arms 66
upwards. Thus, the substrate S is raised to the loading
or unloading position by the arms 66 being moved up-
wards.

It should be appreciated that in this modified embodi-
ment the cleaning operation and the controlling of DC
bias may be performed in the same manner as that of the
first embodiment.

Further, 1t should be understood that in this embodi-
ment, the electrode body §7, the heater assemblies 58
and the poruons which are to be cooled may be cooled
by suitable cooling means.

Accordmg to the present invention as described
above, the DC bias to be produced on the surface of the
substrate can be mechanically controlled. and the sus-
ceptor and the other components in the vacuum chams-
ber can be easily cleaned while maintaining the desired
evacualed condition 1in the vacuum chamber.

The present invention has also advantages of reduc-
ing the load of the rotary drive mechanism, and assem-
bling and disassembling easily the rotary drive mecha-
nism.

While the present invention has been described in
detail with respect to certain now preferred embodi-
ments. 11 will be understood that various changes and
modifications may be made within the scope of the
claimed invention. For example. the present invention
may be equally applied to sputtering. plasma etching.
plasma CVD or other surface processing apparatus.

What 1s claimed is:

1. A vacuum processing apparatus COmprising:

an clectrode member which i1s electrically insulated
from a wall of a vacuum chamber and is supplied
with an AC voltage for generating a plasma by a
glow discharge in said vacuum chamber;

a substrate holder, disposed above said electrode. for
supportng at least one substrate 10 be processed by
said plasma. said substrate holder having a rear
surface and said substrate holder being disposed
such that said rear surface thereof 1s located oppo-
site and faces said electrode member:

a shaft for supporting said substrate holder so that the
substrate holder 1s relauvely displaceable with re-
spect to the electrode member: and

means connected to said shaft for varyving the dis-
tance between said electrode member and said
substrate holder so as to control a DC bias to be
generated on the surface of said substrate holder or
the surface of said substrate with respect to said
applied AC voliage and to thereby control genera-
tion of a2 plasma on the surface of the electrode
member oOr the rear surface of the substrate holder
sO as to provide cleaning thereof.

2. An apparatus according to claim 1, wherein said
means comprises means for providing linear movement
of the shaft along the axis thereof and means for rotating
the shaft around the axis thereof.

3. A CVD apparatus comprising an electrode mem-
ber fixed to a2 wall of a pressure reduced chamber, a
drive shaft extending shdably and rotatably through
said electrode member, a substrate holder mounted on
an end portion of said drive shaft positioned in said
pressure reduced chamber, a first linear drive means for

10

each substrate, a second linear driveé means for driving

the substrate hifting pins along the axes thereof, and a

piurality of openings provided 1n said substrate holder

for alignment with said holes and for receiving said
substrate lifting pins.

4. A CVD apparatus according to claim 3, wherein
said rotary drive means 1s fixed on a vacuum seal mem-
ber for sealing in a vacuum tight manner and rotatably
supporting said drive shafi.

10 5. A CVD apparatus according to claim 3. wherein
sald first and second linear drive means are provided on
a common base plate which 1s coupled to said electrode
member or the wall of said pressure reduced chamber
by guide members.

15 6. A CVD apparatus according to claim §, wherein
said each guide member 1s slidably supported on linear
bearings.

7. A CVD apparatus according to claim 5, wherein
said drive shaft 1s hollow, and said apparatus further

20 includes a rotary joint for circulating a temperature

contro! medium through said drive shaft.

8. A CVD apparatus according to claim § further
comprising supporting arms one end of each of which is
mounted perpendicularly on one end of the associated
iifting pin. the other end of the each supporting arm
extending mmto a slot formed in the outer peripheral
portion of said electrode member and being moved
through the associated one of slots formed on the outer
peripheral portion of said substrate holder and posi-
30 tioned in alignment with the other end of said support-

INE arms.

9. A vacuum processing apparatus comprising:

a vacuum chamber:

an electrode member mounted within said vacuum

35 chamber and electrically insulated from a wall of
said vacuum chamber;

means for supplying AC voltage to said electrode

member so as to generate a plasma by a glow dis-
charge 1n said vacuum chamber:

40  asubstrate holder for supporting at least one substrate
to be processed by said plasma and disposed within
said vacuum chamber above said electrode mem-
ber so that, in operation, a DC bias for said AC
voltage is generated on the surface of said substrate

45 holder or on the surface of said substrate, said sub-
strate holder having a rear surface and said sub-
strate holder being disposed such that said rear
surface thereof i1s located opposite and faces said
electrode member:;

50  ashaft for supporting said substrate holder so that the
substrate holder 1s relatively displaceable with re-
spect to the electrode member; and

means connected to said shaft for varying the dis-

tance between said electrode member and said

55 substrate holder so as to control the DC bias to be
generated on the surface of said substrate holder or
the surface of said substrate and to thereby control
generation of a plasma on the surface of the elec-
trode member or on the rear surface of the sub-

60 strate holder so as to provide cleaning thereof.

10. An apparatus according to claim 9, wherein said
means comprises means for providing linear movement
of the shaft along the axis thereof and means for rotating
the shaft around the axis thereof.

I

I
_n

moving said drive shaft along the axis thereof, a rotary 65  11. An apparatus according to claim 9, wherein said

drive means for rotating said drive shaft, a plurality of
pins arranged to be slidably inserted into a plurality of
holes provided on said electrode member for lifting

means for supplying said AC voltage comprises means

for supplying said voltage only to said electrode mem-
ber.
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12. An apparatus according to claim 9. wherein said
means for supplyving said AC voltage comprises a single
AC voltage source connected to said electrode member
and said substrate holder.

13. An apparatus according to claim 9. wherein said
means for varying the distance between said electrode
member and said substrate holder comprises means for
setiing the distance between said electrode member and
said substrate holder to be smaller than a predetermined
value so that the surface of said substrate holder and the
portions 1n the vicinity thereof are cleaned by bombard-
ment of the plasma produced on the surface of said
substrate holder or of the substrate.

N
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14. An apparatus according to claim 9. wherein said
means for varying the distance between said electrode
member and said substrate holder comprises means for
setting the distance said electrode member and said
substrate holder so as to be larger than a predetermined
value so that the rear portion of said substrate holder.
said electrode member and the portions located in the
vicinity thereof are cleaned by bombardment of the
plasma produced in the space between said substrate
holder and said electrode member.

15. An apparatus according to claim 9. wherein said
shaft 1s hollow and said apparatus further comprises a
rotary joint for circulating a temperature control me-

dium through said shaft.
L *x % *
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